Conversation electrified: ERP correlates of speech act recognition in underspecified utterances by Gísladóttir, R.S. et al.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/140442
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
RESEARCH ARTICLE
Conversation Electrified: ERP Correlates of
Speech Act Recognition in Underspecified
Utterances
Rosa S. Gisladottir1*, Dorothee J. Chwilla2, Stephen C. Levinson1
1 Language and Cognition Department, Max Planck Institute for Psycholinguistics, Nijmegen, Gelderland,
The Netherlands, 2 Donders Institute for Brain, Cognition and Behaviour, Radboud University, Nijmegen,
Gelderland, The Netherlands
* rosa.gisladottir@mpi.nl
Abstract
The ability to recognize speech acts (verbal actions) in conversation is critical for everyday
interaction. However, utterances are often underspecified for the speech act they perform,
requiring listeners to rely on the context to recognize the action. The goal of this study was
to investigate the time-course of auditory speech act recognition in action-underspecified ut-
terances and explore how sequential context (the prior action) impacts this process. We hy-
pothesized that speech acts are recognized early in the utterance to allow for quick
transitions between turns in conversation. Event-related potentials (ERPs) were recorded
while participants listened to spoken dialogues and performed an action categorization
task. The dialogues contained target utterances that each of which could deliver three dis-
tinct speech acts depending on the prior turn. The targets were identical across conditions,
but differed in the type of speech act performed and how it fit into the larger action se-
quence. The ERP results show an early effect of action type, reflected by frontal positivities
as early as 200 ms after target utterance onset. This indicates that speech act recognition
begins early in the turn when the utterance has only been partially processed. Providing fur-
ther support for early speech act recognition, actions in highly constraining contexts did not
elicit an ERP effect to the utterance-final word. We take this to show that listeners can rec-
ognize the action before the final word through predictions at the speech act level. However,
additional processing based on the complete utterance is required in more complex actions,
as reflected by a posterior negativity at the final word when the speech act is in a less con-
straining context and a new action sequence is initiated. These findings demonstrate that
sentence comprehension in conversational contexts crucially involves recognition of verbal
action which begins as soon as it can.
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Introduction
Wittgenstein invited us to imagine a world in which language serves no purpose; utterances are
exchanged but lack functionality [1]. Such a community—if one could call it such—would lack
speech acts [2–4]. Just like other aspects of social behaviour, conversation involves verbal ac-
tions such as requests, greetings and complaints [5]. The exchange of such speech acts in every-
day conversation is the core ecology for language—this is where children acquire language and
the great bulk of language usage occurs.
The prime task in conversation is to recognize what speech act is being performed and pre-
pare a fitted reply. Speech act recognition, the topic of this study, is the process of recognizing
the action of an utterance in a given context. In some cases speech act recognition may be quite
direct, particularly in ritualized expressions where there is a one-to-one correspondence be-
tween the form of the utterance and its speech act function (like Gesundheit! in response to a
sneeze). Syntactic features such as wh-question words (who, when), imperatives (put, go) and
interrogative word order can likewise provide clues about the relevant speech act. Since the ac-
tion level of meaning is sometimes referred to as illocutionary force [2], such speech act clues
have been called illocutionary force indicators [3,4,6]. However, listeners can’t always rely on
such morphosyntactic clues. Interrogatives and imperatives, for instance, can perform many
other actions than questioning and requests [7]. Declarative statements offer even less of an in-
dication, being sometimes radically underspecified for the action. For example, a declarative ut-
terance like I have a car could be used to offer somebody help with moving, to indirectly reject
an offer for a ride, or to answer a question about commuting. The utterance is thus compatible
with multiple speech acts and listeners have to rely on the context to recognize which action is
being performed. This problem of underspecification at the action level is pervasive in
everyday conversation.
The challenge for participants in regards to speech act recognition is further enhanced by
the very tight time constraints in turn-taking. The most frequent gaps between turns in conver-
sation are only around 200 ms [8–10]. A gap of 200 ms does not leave much time for both rec-
ognizing the action in the prior turn and planning a response to it. In fact, findings from word
production experiments indicate that it takes people at least 600 ms just to plan a one-word ut-
terance [11] and even longer for sentences with multiple words [12]. These timing facts imply
that listeners start planning their responses before the prior speaker has finished speaking, and
since the appropriateness of the response crucially depends on recognizing the speech act, they
suggest that speech act recognition must be an early process [3]. On this early speech act recog-
nition account, recognition of the action is not made at the final stage in the comprehension
process, occurring at the last word of incoming utterances, but takes place early on when the
turn has only been partially processed. The primary aim of the present study was to test the
early speech act recognition account, investigating the time-course of verbal
action understanding.
Given that the turn construction doesn’t always give us indications about what speech act is
coming up, how could early recognition of the action be made? One source of information that
can constrain the speech act possibility space is the sequential context, i.e., preceding turns in
the conversation. Speech acts do not exist in a vacuum; they are coherently organized into larg-
er action sequences [5]. One of the basic action sequences is the adjacency pair [5,13], where
the first utterance puts powerful constraints on the following turn. The first part in an adjacen-
cy pair “projects a prospective relevance, and not only a retrospective understanding. It makes
relevant a limited set of possible second pair parts, and thereby sets some of the terms by which
a next turn will be understood” [5]. Questions, for instance, are followed by answers, and invi-
tations call for acceptances or rejections. Prior talk in conversation is thus not merely the
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background to speech act comprehension, but rather contains a rich structure of action se-
quences that could proactively funnel possible interpretations of upcoming talk. If this notion
is correct, participants in conversation can profit from implicit knowledge of action sequences
during speech act comprehension.
The goal of the present experiment was twofold: a) to investigate the time-course of speech
act recognition in utterances that are underspecified for the action, and b) examine the effects
of sequential context on speech act recognition. The larger theoretical relevance of this investi-
gation is that it addresses the fundamental problem of how listeners map speech act functions
onto underspecified utterances—a core cognitive ability that gives language its
basic functionality.
Prior research
Several strands of research have addressed speech act comprehension broadly construed. Eye-
tracking experiments have, for instance, demonstrated early sensitivity to speech act function,
even in young children [14–18]. However, these studies are not informative about the key
focus of the present experiment, namely how underspecified utterances (without any morpho-
syntactic speech act clues) are rapidly understood as performing certain actions. Another
strand of research has focused on indirect speech acts [19], that is speech acts that clearly re-
quire substantial inferencing to be understood. FMRI studies on indirect replies [20] and indi-
rect requests [21] report activations not only in typical language regions but also areas
implicated in mentalizing and affective empathy, as well as action planning and motor control.
These studies provide important insights into the neural substrates of indirect speech act com-
prehension, but due to the poor temporal resolution of fMRI cannot tell us much about the
time-course of speech act recognition.
A growing body of research has made use of the excellent temporal resolution of EEG and
MEG to investigate pragmatic language comprehension in real time. Studies on non-
conversational discourse have shown that spoken or written words are related to the wider dis-
course context extremely rapidly, from 150 ms after word onset [22,23]. However, research on
pragmatic inferencing—which may play a role in speech act recognition—indicates that lan-
guage processing at the level of pragmatics is not always so fast. For instance, understanding
irony involves late inferential processes, reflected by modulations of the P600 component
[24,25], and scalar inferences are associated with N400 effects only in some cases [26,27]. The
above studies highlight that pragmatic language comprehension involves both early and late
processes. Importantly, they do not address comprehension at the speech act level, i.e., the pro-
cessing of utterances in conversational contexts, so their relevance for the time-course of
speech act recognition is unclear.
Turning to research that comes closer to dialogue, a recent EEG study investigated speech act
processing in written words that performed either a requesting or a naming speech act depending
on a prior video-taped context sentence (e.g., What are these called?/What can I get you?—Plant)
[28]. The brain responses for the two speech acts diverged as early as 120 ms after the onset of the
critical words. A follow-upMEG study [29] reported that the requests engaged comprehension
systems in the right hemisphere within 100 ms after word onset, followed by theory of mind acti-
vations in the medial prefrontal and temporo-parietal areas from 200 to 300 ms. Naming speech
acts, on the other hand, activated brain areas involved in lexico-semantic retrieval from 100 to 150
ms. In a study on visually presented (i.e., written) indirect requests (e.g.,My soup is too cold to eat
in a restaurant context), ERP differences between indirect requests and literal statements were
found from the second word onwards, but no differences were present at the final word [30].
These EEG andMEG findings provide some supportive evidence for the early speech act
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recognition account, at least in the visual modality. However, these studies are far removed from
conversation and overlook the importance of spoken language input. When a sentence is visually
presented, one word at a time, the linguistic signal is artificially spread out over a much longer
time period than in spoken language (or natural reading for that matter). This is problematic for
investigating the time-course of speech act recognition, as effects of sentence-level factors such as
speech act function may not be confined to a single word. Although a few studies have indirectly
addressed spoken speech act comprehension by investigating processing of prosody in question-
answer dialogues [31–33], to our knowledge there are no studies directly investigating the time-
course of speech act processing using auditory stimuli. A critical next step therefore is to shed
light on speech act recognition in spoken language, the prime modality of natural conversation.
The present study
Against this background, several important questions need to be addressed. What is the time-
course of speech act recognition in the auditory modality? In light of the extraordinarily fast
transitions between turns in conversation, how quickly can listeners recognize the speech act in
action-underspecified utterances? How does the type of action and how it fits into the action
sequence influence this process? We used ERPs to investigate these issues, using spoken dia-
logues approximating informal everyday conversation.
The experimental paradigm was designed based on the following criteria. First, in order to
examine how listeners recognize speech acts in utterances that are underspecified for the ac-
tion, the critical utterances do not contain morphosyntactic speech act clues such as question
words or imperative verbs. Secondly, to get a better understanding of the role of sequential con-
text, we used speech acts that differ in how they fit into the larger action sequence (for details,
see below). Third, since passively overhearing a dialogue is quite different from taking an active
part in one [34], we use an action categorization task to mimic the response demands and at-
tention level necessary for everyday interaction. While the absence of a behavioural task is ap-
propriate for ERP studies on passive reading or listening to non-conversational discourse, the
crucial task in conversation is comprehending-for-responding. As we have argued above, a crit-
ical part of that task is identifying the speech act category of the incoming turn (see also [3]).
Examples of stimuli in Dutch and English translations are presented in Table 1. The dia-
logues contain target utterances (e.g., I have a credit-card) that deliver three functionally dis-
tinct speech acts (Answer, Pre-offer, Declination) depending on the prior turn. The Answer
condition involves a question-answer sequence (How are you going to pay for the ticket?—I
HAVE A CREDIT-CARD). The Answers serve as the control condition as they should be easiest
to comprehend. This assumption is supported by the results of a self-paced reading study dis-
cussed below [35], in which reading times were shortest for Answers on all measures. The Dec-
lination condition consists of an offer, followed by a rejection (I can lend you money for the
ticket.—I HAVE A CREDIT-CARD). The Pre-offer condition contains a first turn expressing
need or desire for something, followed by a prelude to an offer, called a pre-offer [5,36] in con-
versation analysis (I don’t have any money to pay for the ticket.—I HAVE A CREDIT-CARD).
To balance control and variety in the format of the critical utterances, we divided the dialogues
in two stimulus sets; Set 1 contains utterances starting with I have. . . but Set 2 includes other
verbs (see Table 1 and Methods). In none of the conditions can listeners rely on clues in the ut-
terance to recognize the speech act. Instead, it is the sequential context, that is the prior turn,
which determines the action. Since the target sentences are identical across conditions, ERP
differences between them can be attributed to their speech act function and how listeners arrive
at that function. This design allows an investigation of speech act recognition in spoken dia-
logues that do not contain semantic or pragmatic anomalies.
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An important aspect of the design is that while the critical actions—Declinations and Pre-
offers—are both relatively indirect, they differ in how they fit into the larger action sequence.
Declinations are second parts of adjacency pairs (see above), which entails that the context
turn (first part of the pair) should be highly constraining in terms of what type of action can
follow. An offer, for instance, sets up a normative expectation for an acceptance or declination.
Out of the vast possibility space for speech acts in conversation, the prior turn has narrowed
the likely actions down to two. This is not the case for Pre-offers. Although typically respond-
ing to a telling of some trouble, pre-offers do not close an adjacency pair but rather initiate a
new sequence, a so-called pre-sequence [5,36]. Pre-sequences are preliminary to the main
course of action, in this case a more direct offer if the conversation were to continue. This is il-
lustrated below (for a similar example from a real conversation, see [5]):
1. A: I don’t have any money to pay for the ticket.
2. B: Pre-Offer I have a credit card.
3. A: Go-ahead You do?
4. B: Offer Want to use it?
7. A: Acceptance Yeah.
Understanding Pre-offers may therefore involve forward inferences about upcoming talk, akin
to causal consequence inferences in text processing [37]. An additional difference between Pre-
offers and Declinations is that the context turn is less constraining in Pre-offers. The first turn in
the Pre-offer dialogues can be followed by a large number of actions; there is no normative expec-
tation for a Pre-offer. The utterance I don’t have any money could, for instance, be followed by re-
sponses such as condolences (Oh dear, That sucks), a telling of one’s own experience (Me neither),
or a suggestion (Why don’t you ask somebody for a loan?); a direct offer or a pre-offer are just
open possibilities. Thus by comparing Pre-offers and Declinations we can go beyond the tradi-
tional distinction between direct and indirect speech acts and investigate how speech act recogni-
tion is modulated by the type of action being performed and how it fits into the sequential context
(high- vs. low-constraining context, end of an action sequence vs. a start of a new one).
We have previously reported a behavioural study using the same dialogues, in which the tar-
get replies were presented visually in self-paced reading [35]. After each dialogue, participants
Table 1. Stimuli in Dutch and English translations.
Set 1 Set 2
Condition Context Target
Utterance
Context Target Utterance
Answer (Control) Hoe ga je voor het ticket
betalen?
Ik heb een
creditcard.
Waar koop je je
shampoo?
Ik ga naar de Kruidvat.
How are you going to pay
for the ticket?
I have a credit-
card.
Where do you buy your
shampoo?
I go/am going to the
Kruidvat [drugstore].
Declination (Context highly constraining +
target utterance ends the sequence)
Ik kan je wat geld lenen
voor het ticket.
Ik heb een
creditcard.
Ik kan wel shampoo voor
je meenemen?
Ik ga naar de Kruidvat.
I can lend you money for
the ticket.
I have a credit-
card.
I can bring some
shampoo for you?
I go/am going to the
Kruidvat [drugstore].
Pre-offer (Context less constraining + target
utterance starts a new sequence)
Ik heb geen geld om het
ticket te betalen.
Ik heb een
creditcard.
Mijn shampoo is op. Ik ga naar de Kruidvat.
I don’t have any money to
pay for the ticket.
I have a credit-
card.
My shampoo is ﬁnished. I go/am going to the
Kruidvat [drugstore].
doi:10.1371/journal.pone.0120068.t001
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were asked to categorize the action in the target sentences (I have a credit-card) as doing answer-
ing, offering or declining. The categorization accuracy was very high (95.8%), indicating that lis-
teners are very good at identifying the speech act in such action-underspecified sentences.
Reading times were longer in Pre-offers than Answers at the first word, while Declinations took
longer at the verb and the final word, relative to Answers (unpublished data). However, the dif-
ferences in reading times were very small and standard deviation large, preventing conclusive in-
terpretations. The ERPmethod has advantages over self-paced reading in that it is compatible
with spoken language input and can indicate with much higher precision the time-course of dif-
ferences between experimental conditions. Moreover, ERPs allow to determine whether there
are quantitative or qualitative processing differences between the actions [38]. Given that Decli-
nations and Pre-offers have different properties, it is possible that they recruit in part qualitative-
ly different comprehension processes. If so, this should be reflected by differences in the scalp
distribution of the ERP effects to Declinations vs. Pre-offers.
If the early speech act recognition account is correct and auditory speech act recognition
takes place early in the turn when the utterance has only been partially processed, then the three
speech acts should differ early on in the target utterance (I have a credit-card), for instance at the
first word (I) or the verb (have). Moreover, there should be no ERP differences at the utterance-
final word, i.e., credit-card (note that this is one word in Dutch, the language of the stimuli); if
the action has already been recognized at that point, the processing of the final word should only
add to the propositional meaning of the utterance, which for each target is the same for all three
conditions and hence no differences should occur at the final word. Our predictions for the ex-
periment were therefore as follows. We expected that both Declinations and Pre-offers, the criti-
cal conditions, would elicit ERP effects relative to the control condition (Answers) in an early
time-window corresponding to the first word and the verb, and not at the final word. The critical
questions are how early the effects appear and whether there are quantitative or qualitative ERP
differences between Pre-offers and Declinations, reflecting that the type of action and sequential
context influences speech act recognition. Given that Pre-offers have a more complex action se-
quence structure (the context is less constraining and the target utterance initiates a new se-
quence), we hypothesized that they might elicit additional ERP effects relative to Declinations.
We did not have specific predictions regarding the ERP components, given that the two visual
ERP experiments on speech act recognition discussed above [28,30] do not yield a clear picture
in terms of which ERP components are involved. However, we speculated that frontal ERP ef-
fects would be involved, as both studies [28,30] report frontal effects.
Methods
Participants
Forty-four right-handed speakers of Dutch with no hearing or speech problems and normal or
corrected-to-normal vision were recruited from the subject database of the Max Planck Insti-
tute for Psycholinguistics in Nijmegen (28 female, 16 male, mean age 20, age range 18–27). The
study was approved by the Ethische Commissie Gedragswetenschappelijk Onderzoek at Rad-
boud University Nijmegen. Participants gave written informed consent according to the Decla-
ration of Helsinki prior to the study and were paid 8 Euro per hour for their participation. EEG
data from two participants were removed from analysis due to excessive artifacts.
Construction of materials
The stimuli are auditory versions of the dialogues described in Gisladottir et al. [35]. We creat-
ed 378 two-utterance long, naturalistic dialogues in Dutch reflecting informal daily conversa-
tions between friends or relatives. The discourse topics include buying groceries, going out,
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and working/studying. Each dialogue consists of a critical utterance and a preceding context ut-
terance, which biases the interpretation of the critical utterance as an Answer, Declination or
Pre-Offer (see examples in Table 1). In total there are 126 critical utterances, presented in three
contexts (conditions). The number of words in the utterances ranges from 3 to 7 words (medi-
an: 4 words), and average utterance duration is 1175 ms. The targets are constructed such that
the final word is critical for understanding the propositional meaning of the utterance, irre-
spective of speech act function. In order to balance control and variety in the stimulus materi-
als, half of the target sentences start with “I have” (Dutch ik heb), e.g., “I have a credit-card”
(Set 1). The other half was more varied and included utterances like “I am going to the market”
and “My brother is a mechanic” (Set 2). To maintain consistency in the way the Declinations
and Pre-offers were connected to their contexts, we ensured that there was at least one clear im-
plicated premise and an implicated conclusion for each sentence-pair [39]. According to theo-
ries of linguistic pragmatics, when presented with an utterance that is indirect, the hearer needs
to access an implicated premise and combine it with the proposition expressed to derive the
implicated conclusion [39]. In the dialogue (A): I can lend you money for the ticket.–(B): I have
a credit-card, the implicated premise is that a credit-card can pay for things, including tickets.
The implicated conclusion is that speaker B does not need A’s help with paying for the ticket.
The sentences were recorded in a soundproof room at 44.1 kHz sampling rate and 16-bit
resolution. Four native speakers of Dutch (two male, two female) were instructed to act out the
written dialogues as naturally and informally as possible in four different pairings (male1-
male2; female1-female2; male1-female1; male2, female2). The partners of each pair took turns
in acting context utterances and critical utterances. The context utterances were extracted from
those recordings, while the critical utterances were recorded separately from a list (without
context) to prevent the prosody of the critical utterance from biasing one condition over anoth-
er. The overall sound intensity of the recordings was normalized to prevent loudness differ-
ences between the items. The stimuli were pseudo-randomized and balanced across three lists,
such that participants heard each critical utterance only once. Each list contained 126 dialogues
with an equal number of trials across conditions and stimulus sets. Care was taken that the
voices of the native speakers appeared as equally as possible in each action within each list.
Procedure
Participants were given written instructions that included one example of each action. They
were instructed to pay attention to the underlying meaning of the responses in the dialogues
(the target utterances) and answer a comprehension probe: after each dialogue, participants in-
dicated with a mouse click what the second speaker was doing with his response. For this task
the options were Answering, Offering and Declining (Dutch antwoorden, aanbieden, weige-
ren). Since pre-offer is not a colloquial term, the broader concept of offering was chosen. Par-
ticipants were seated in a comfortable chair in a soundproof room facing a computer monitor.
There were 126 experimental trials presented auditorily through loudspeakers, preceded by 18
practice items. On each trial a fixation cross appeared in the middle of the screen which lasted
throughout the entire dialogue. Participants were instructed to avoid eye movements and other
movements during the presentation of the fixation cross. The context utterance was played 500
ms after the appearance of the fixation cross, followed by a 250 ms pause before the target re-
cording was played. In order to prevent an abrupt start and ending of the sentences, the record-
ings included a 50 ms buffer before sentence onset and after offset, such that the pause between
context and target was in total 350 ms. This pause is similar to average gap durations reported
in corpus studies of Dutch, which range from 8 to 380 ms depending on the study [9,10,40].
The fixation cross disappeared 1200 ms after the offset of the target utterance recording. A
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blank screen was then presented for 1500 ms, until the comprehension probe was presented.
This delayed task reduced contamination of the ERPs of interest by movement related EEG ac-
tivity. Upon answering the comprehension probe (see above) a blank screen appeared for 2000
ms and then the next trial began. The trials were presented in 6 blocks, allowing participants to
make eye movements and rest between them. After the EEG recording, participants filled out
the Empathy Quotient questionnaire (EQ) [41] (see S2 File in Supplementary Information).
Electrophysiological recordings
The EEG was recorded with 36 active electrodes mounted in a cap (actiCap), referenced to the
left mastoid. After the recording, the data were re-referenced off-line to the average of the left
and right mastoids. Vertical eye movements were monitored with an electrode placed below
the left eye and an electrode in the cap right above the left eye (Fp1). Horizontal eye move-
ments were monitored through two electrodes in the cap placed approximately at the left and
right outer canthi (F9 and F10). Bipolar EOGV and EOGH was computed. Electrode imped-
ances were kept below 20 KO. EEG and EOG data were amplified with a bandpass filter of. 02
to 250 Hz with a 10 second time constant and digitized at a sampling frequency of 500 Hz. Re-
cording and analyses were performed with Brain Vision Analyzer.
Results
Behavioural analysis and results
Behavioural responses from all participants included in the EEG analysis were analyzed (42 out
of 44 participants). Mean accuracy in the action categorization task was very high, 96.6% (SD
5.4%) (see Table 2). Participants correctly categorized 98.5% of Answers, 94.8% of Pre-offers
and 96.5% of Declinations. The accuracy data were analysed with mixed-effects logistic regres-
sion using the lme4 package [42] in the statistics software R [43]. Mixed-effects logistic regres-
sion is better suited for the analysis of categorical outcome variables (such as question-answer
accuracy) than ANOVA and allows the inclusion of participants and items as random factors in
a single analysis [44]. The fixed effects were Action and Set; while the Set factor (see
Construction of materials) was not meant to test any hypothesis of theoretical relevance, it was
included in the analysis to check for interactions between action and the linguistic form of the
sentence. We used the most maximal random effects structure justified by the experimental de-
sign and for which convergence was reached [45]. This included random intercepts by partici-
pant and item, as well as by-participant random slopes for Action and Set and by-item random
slopes for Action. For model comparison, see supplementary information (S1 File). The full
model with Action, Set and the Action by Set interaction indicated that Declinations were cate-
gorized less accurately than Answers (Estimate: -1.57, SE: 0.40, z = -3.94, p<. 001) and Pre-
offers were categorized less accurately than Answers (Estimate: -1.48, SE: 0.43, z = -3.47, p<.
Table 2. Behavioural results.
Answer Declination Pre-offer
Overall accuracy 98.5% (2%) 96.5% (3.8%) 94.8% (8%)
Set 1 accuracy 98.0% (3.7%) 96.2% (4.5%) 97.2% (5.2%)
Set 2 accuracy 99.1% (2.2%) 96.9% (4.9%) 92.4% (11.9%)
Mean accuracy (and standard deviation) in the categorization task for all items (overall) and for each
stimulus Set.
doi:10.1371/journal.pone.0120068.t002
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001). However, the comparison between Declinations and Pre-offers was not significant (Esti-
mate: -0.26, SE: 0.27, z = -0.94, p = .34). An Action by Set interaction reflected that Pre-offers in
Set 1 were categorized more accurately than in Set 2 (Estimate: 0.84, SE: 0.38, z = 2.22, p<. 05).
ERP analysis
The EEG data were averaged relative to the first word onset and the sentence-final word onset
of the target utterance. For each time-locking point the EEG data were segmented into epochs
of 1200 ms with a 150 ms pre-stimulus baseline. Artifacts were removed by excluding epochs
with excessive EEG (>100 μV) or EOG (>75 μV) amplitude. In the final dataset of 42 partici-
pants, 17% of trials were rejected due to artifacts. The percentages of rejected trials did not dif-
fer across the three experimental conditions at the two time-locking points (Fs< 1.5, ps>. 23).
Only artifact-free trials were included in the averages.
For a separation of ERP effects elicited early in the target sentences and effects elicited at the
final word, we defined two broad time-windows: an early utterance time-window from 100 to
600 ms after first word onset and a late utterance time-window from 100 to 1000 ms after final
word onset. These time-windows were chosen for the following reasons. The early utterance
time-window covers the duration of the first word and the verb, and therefore captures early
speech act recognition effects (the target sentences involve connected speech with subjects and
verbs of relatively short duration; see Fig. 1). The final word of the target utterances occurs on
average 490 ms after utterance onset; however, since the first 100 ms after word onset reflect
exogenous, stimulus-bound ERP components, which are largely insensitive to cognitive factors
[46,47], the first 100 ms of the final word should be very similar across experimental condi-
tions. As a consequence, the endpoint of the early utterance time-window was set at 600 ms
(roughly 490 ms + 100 ms), and the starting point of both early and late utterance time-
windows was set at 100 ms after first and final word onset. Importantly, these two time-win-
dows are not overlapping, as illustrated in Fig. 1.
To further narrow down relevant time-windows, we first performed omnibus repeated mea-
sures ANOVAs on mean amplitudes in 100 ms consecutive windows in the early and late utter-
ance time-windows described above, using all electrodes; see S1 Table and S2 Table in
supplementary information (for a similar approach, where consecutive time-windows of 100 ms
were used to get a more fine-grained picture of the time-course of language-relevant ERP effects,
see for example [48,49]). Based on these initial omnibus ANOVAs, follow-up analyses were per-
formed in 100 ms consecutive windows at the first word from 100 to 600 ms, and at the final
word from 100 to 200 ms and 600 to 1000 ms. The lateral ANOVA included the topographical
factors AntPost (for Anterior vs. Posterior sites), Hemisphere and Site (i.e., electrode), yielding
four regions of four electrodes each (for an illustration of the regions, see Fig. 2). The medial
ANOVA included the topographical factors AntPost and Site, yielding two regions of five sites
each. Note that the medial ANOVA included 8 lateral electrodes and only 2 midline electrodes,
and is therefore referred to as medial. Since no Action×Set interactions were obtained in the initial
omnibus ANOVA (see S1 Table and S2 Table in supporting information), Set was removed as a
factor in these regional analyses. When applicable, the Greenhouse-Geisser correction was applied
to correct for violations of the assumption of sphericity; original degrees of freedom are reported.
Main effects of Action and relevant interactions in the regional omnibus analysis were followed
up with pairwise comparisons (ANOVA), contrasting every action with each one of the others.
ERP results
Early utterance time-window (first word onset of the target utterance). Fig. 3 shows the
grand averaged ERPs time-locked to the first word. All conditions elicited the early ERP
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components characteristic of auditory stimuli, the N1 and P2. The regional omnibus analysis
at lateral electrodes (see Table 3) yielded Action×AntPost×Hemisphere interactions from 100
to 600 ms (all Fs 3.69, ps<. 05) and Action×Hemisphere×Site interactions from 100 to 400
ms (all Fs 2.55, ps<. 05). The medial omnibus ANOVA revealed an Action×AntPost inter-
action from 500 to 600 ms (F(2, 82) = 4.11, p<. 05). Pairwise comparisons between the actions
were performed on the basis of these interactions.
Declination versus Answer. The lateral analysis (see Table 3) revealed that mean ampli-
tude was more positive-going in Declinations than in Answers at the anterior region in the
right hemisphere from 400 to 500 ms (Action; F(1,41) = 8.29, p<. 01), and at bilateral anterior
sites from 500 to 600 ms (Action; F(1,41) = 6.70, p<. 05). Mean amplitude was also more
Fig 1. Timeline.Mean onset of the first word, verb and final word in target utterances and a rough timeline for
the early and late utterance time-windows.
doi:10.1371/journal.pone.0120068.g001
Fig 2. Regions used for analyses of EEG data.
doi:10.1371/journal.pone.0120068.g002
Conversation Electrified: ERP Correlates of Speech Act Recognition
PLOS ONE | DOI:10.1371/journal.pone.0120068 March 20, 2015 10 / 24
Fig 3. Early utterance time-window. A) Grand-averaged ERPs time-locked to the onset of the first word. Representative electrodes showing the relevant
effects are highlighted in dashed boxes. B) Scalp distribution of the ERP effects in the early utterance time-window. All waveforms were low-pass filtered (10
Hz) for illustration purposes only. Negativity is plotted upwards.
doi:10.1371/journal.pone.0120068.g003
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positive-going in Declinations than in Answers at the anterior medial region from 500 to 600
ms (Action; F(1,41) = 6.90, p<. 05).
Pre-offer versus Answer. The lateral analysis revealed that mean amplitude in Pre-offers
was more positive-going than in Answers at the anterior region in the right hemisphere from
200 to 600 ms (Action; Fs 6.08, ps<. 05). The medial ANOVA did not yield any reliable dif-
ferences across conditions (Fs 2.34, p>. 06).
Pre-offer versus Declination. The lateral ANOVA revealed an Action×AntPost×Hemi-
sphere interaction from 200 to 300 ms (F(1,41) = 5.18, p<. 05), but no reliable differences
were obtained in follow-up analyses (Fs 2.35, ps>. 08). In the medial analysis, mean ampli-
tude tended to be more positive-going in Declinations than in Pre-offers at the anterior medial
region from 500 to 600 ms (Action; F(1,41) = 3.75, p = .06).
Summary of ERP effects in the early utterance time-window. As predicted, there were
early ERP differences between the actions in the early utterance time-window (corresponding
to the first word and the verb). In particular, Declinations and Pre-offers both showed a frontal
positivity, relative to Answers. In Pre-offers the positivity was restricted to the right hemisphere
from 200 to 600 ms. In Declinations the positivity was present at anterior sites in the right
hemisphere from 400 to 500 ms and extended to anterior bilateral and medial regions from
500 to 600 ms. The frontal positivity in Declinations was marginally significant relative to Pre-
offers at the anterior medial region from 500 to 600 ms (p = .06). Differences in scalp
Table 3. Regional omnibus analyses and pairwise comparisons for the early utterance time-window.
Analysis Source DF 100–200 200–300 300–400 400–500 500–600
REGIONAL OMNIBUS Lat Action×AntPost×Hem 2, 82 4.14* 7.08** 3.69* 4.08* 5.64**
Action×Hem×Site 6, 246 3.42* 2.81* 2.55*
Med Action×AntPost 2, 82 4.11*
PAIRWISE COMPARISONS D vs. A Lat Action×Hem ×Site 3, 123 3.88* 3.63* 3.94*
Action×AntPost×Hem 1, 41 6.77* 7.08*
Action×AntPost×Site 3, 123 2.89*
Lat Ant Action 1, 41 6.70*
Action×Hem 1, 41 5.40* 4.59*
Action×Hem×Site 3, 123 3.28* 3.06*
Right Ant Action 1, 41 8.29**
Med Action×AntPost 1, 41 6.86*
Med Ant Action 1, 41 6.90*
P vs. A Lat Action×Hem 1, 41 6.47* 7.99**
Action×AntPost×Hem 1, 41 9.63** 15.18** 7.10* 5.46* 10.37**
Action×AntPost×Hem×Site 3, 123 2.96* 3.40* 2.88*
Action×Hem×Site 3, 123 7.68** 4.02* 3.21*
Lat Ant Action×Hem 1, 41 4.77* 10.40** 8.56** 11.57**
Action×Hem×Site 3, 123 6.93** 4.84** 4.08* 3.55*
Right Ant Action 1, 41 7.94** 6.08* 10.61** 6.66*
P vs. D Lat Action×AntPost×Hem 1, 41 5.18*
Med Action×AntPost 1, 41 6.07*
D = Declination, A = Answer, P = Pre-offer, Lat = lateral regions, Med = medial regions, Ant = anterior regions, Hem = hemisphere, AntPost = Anteriority.
*p <. 05
**p<.01
doi:10.1371/journal.pone.0120068.t003
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distribution of the frontal positivity in Declinations and Pre-offers are illustrated in the topo-
graphical maps in Fig. 3.
Late utterance time-window (final word onset of the target utterance)
Fig. 4 presents the waveforms aligned to the final word onset. The regional omnibus analysis
for medial sites (see Table 4) yielded an Action×Site interaction from 100 to 200 ms and 600 to
700 ms (Fs 2.56, ps<. 05) and an Action×AntPost interaction from 900 to 1000 ms (F(2,82)
= 3.57, p<. 05). In the lateral analysis an Action×AntPost interaction was obtained from 600
to 1000 ms (Fs 3.43, ps<. 05) in addition to an Action×Site interaction from 700 to 800 ms
(F(6,246) = 2.65, p<. 05). Hence follow-up comparisons between the actions were performed
at medial sites from 100 to 200 ms, 600 to 700 ms and 900 to 1000 ms and at lateral sites from
600 to 1000 ms.
Declination versus Answer. The medial ANOVA (see Table 4) yielded an Action×AntPost
interaction from 100 to 200 ms (F(1,41) = 6.32, p<. 05), but follow up analyses did not reveal
significant differences between the actions (ps>. 12). In the lateral ANOVA there were no sig-
nificant differences (Fs 2.34, ps>. 10).
Pre-offer versus Answer. The lateral analysis revealed that mean amplitude was more nega-
tive-going in Pre-offers than in Answers at bilateral posterior regions from 900 to 1000 ms (Ac-
tion; F(1, 41) = 5.11, p<. 05). In the analysis for medial sites, mean amplitude was also more
negative-going in Pre-offers than in Answers in the medial posterior region from 900 to 1000
ms (Action; F(1, 41) = 4.97, p<. 05).
Pre-offer versus Declination. Mean amplitude was more negative-going in Pre-offers than
in Declinations at bilateral posterior regions from 600 to 1000 ms (Action; Fs 4.24, p<. 05).
Mean amplitude was also more negative-going in Pre-offers than in Declinations at medial
posterior sites from 900 to 1000 ms (Action; F(1, 41) = 6.31, p<. 05).
Summary of ERP effects in the late utterance time-window. As expected, there were no
differences between Declinations and Answers in the late utterance time-window. Pre-offers,
however, elicited a late, posterior negativity relative to both Answers and Declinations. Relative
to Declinations, the negativity was present at posterior bilateral regions (600 to 1000 ms) and
the posterior medial region (900 to 1000 ms). Relative to Answers, the negativity was present at
posterior bilateral and medial regions from 900 to 1000 ms. The scalp distribution of these ef-
fects is illustrated in the topographical maps in Fig. 4.
Discussion
The aim of this article was to address a fundamental problem in conversation, namely how ut-
terances that are underspecified at the action level can quickly be understood as performing
certain speech acts. This study goes beyond prior research by investigating the time-course of
speech act recognition in such action-underspecified utterances in spoken dialogues and ex-
ploring the effect of sequential context on this process. The target utterances were identical
across conditions but differed in the type of speech act performed and how it fit into the larger
action sequence (high- vs. low-constraining context, end of an action sequence vs. a start of a
new one). The behavioural results indicate that even for action-underspecified utterances par-
ticipants are very good at identifying the underlying speech act; the mean accuracy in the com-
prehension task was 96.6%. The ERP results show that speech act recognition begins early in
the turn when the utterance has only been partially processed, at least when participants are
asked to categorize the action of the utterance. This was reflected by frontal positivities from
200 ms after utterance onset in Pre-offers and from 400 ms in Declinations, relative to the con-
trol condition (Answers). At the utterance-final word no ERP effects occurred in Declinations,
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Fig 4. Late utterance time-window. A) Grand-averaged ERPs time-locked to the onset of the final word. Representative electrodes showing the relevant
effects are highlighted in dashed boxes. B) Scalp distribution of the ERP effects in the late utterance time-window.
doi:10.1371/journal.pone.0120068.g004
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while Pre-offers elicited a late posterior negativity relative to the other actions. The differences
between Pre-offers and Declinations, both of which are relatively indirect speech acts, demon-
strate that speech act comprehension is not just modulated by indirectness as traditionally con-
strued, but also by the type of action being performed and the relationships between actions in
conversation. Below we describe the results in more detail and discuss their implications.
The time-course of speech act recognition
Conversation is characterized by tight time constraints, allowing listeners limited time between
turns (on average only 200 ms) to recognize the speech act and plan an appropriate response
[3]. We hypothesized that speech acts are recognized early on in utterances, enabling quick
turn transitions. More specifically, we predicted that the critical conditions—Declinations and
Pre-offers—would elicit ERP effects relative to the control (Answers) in an early utterance
time-window corresponding to the first word and the verb (e.g., I have), and not at the utter-
ance-final word (credit-card). In line with the first aspect of this prediction, both Declinations
and Pre-offers elicited ERP effects in the early utterance time-window. In particular, Pre-offers
elicited a frontal positivity relative to Answers in the right hemisphere from 200 to 600 ms after
utterance onset. A positivity was also observed in Declinations, relative to Answers, at frontal
sites in the right hemisphere from 400 to 500 ms after utterance onset, extending to anterior bi-
lateral and medial regions from 500 to 600 ms.
The earlier onset in Pre-offers is consistent with the results from a self-paced reading study
on the same speech acts [35], in which reading times for the first word were longest in Pre-
offers. Future studies are needed to assess the functional significance of this early difference be-
tween Declinations and Pre-offers. Studies in the visual modality have reported speech act
related ERP effects around 100 ms [28,29]. The slightly later onset in the present experiment
may be due to noisier language input (spoken vs. visual in previous studies [28,29]) and greater
variability in the target utterances (multi-word sentences vs. one word). It is also possible that
Table 4. Regional omnibus analyses and pairwise comparisons for the late utterance time-window, for those epochs that showed signiﬁcant
effects.
Analysis Source DF 100–200 600–700 700–800 800–900 900–1000
REGIONAL OMNIBUS Lat Action×AntPost 2, 82 3.78* 3.43* 4.17* 4.21*
Action×Site 6, 246 2.65*
Med Action×Site 8, 328 3.47** 2.56*
Action×AntPost 2, 82 3.57*
PAIRWISE COMPARISONS D vs. A Med Action×AntPost 1, 41 6.32*
P vs. A Lat Action×AntPost 1, 41 4.41* 6.79* 8.75**
Lat Post Action 1, 41 5.11*
Med Action×AntPost 1, 41 5.56*
Med Post Action 1, 41 4.97*
P vs. D Lat Action×AntPost 1, 41 7.64** 6.45* 9.04** 8.52**
Lat Post Action 1, 41 9.26** 4.24* 4.40* 5.93*
Med Action×AntPost 1, 41 4.28*
Med Post Action 1, 41 6.31*
D = Declination, A = Answer, P = Pre-offer, Lat = lateral regions, Med = medial regions, Post = posterior regions, AntPost = Anteriority.
*p <. 05
**p<.01
doi:10.1371/journal.pone.0120068.t004
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the effects observed in the early utterance time-window are early responses to the verb, and not
the first word. The dialogues involve connected speech with subjects and verbs of relatively
short duration; the duration of the first word in the critical utterances was only 141 ms on aver-
age (in 89% of cases it was the short pronoun “I” ik; see Fig. 1). Importantly, however, the early
frontal positivities were absent when time-locked to the final word, indicating that the begin-
ning of the utterance, that is the first word and/or the verb, is critical for this aspect of speech
act recognition. These early effects of action type show that, at least when an action categoriza-
tion task is used, listeners do not wait for the full propositional meaning of the sentence, but
proceed immediately with speech act recognition based on the partial information available.
This is striking given that the critical utterances do not contain any clues regarding what speech
act is being performed.
When is speech act recognition achieved, i.e., when has the speech act been successfully rec-
ognized? While the ERP method cannot pinpoint the exact moment in time when recognition
occurs, the results for the final word are informative about whether additional processing at the
end of the utterance is required. In contrast to our prediction that no ERP effects would occur
at the utterance-final word (credit-card), a late posterior negativity was observed in Pre-offers
from 600 to 1000 ms after final word onset relative to Declinations and from 900 to 1000 ms
relative to Answers. This late effect suggests that under certain circumstances listeners do make
use of the entire utterance to understand the action. While the final-word effect in Pre-offers is
unexpected on an early speech act recognition account, it fits well with our prediction that Pre-
offers would elicit additional ERP effects relative to Declinations due to having a more complex
action sequence structure. In particular, Pre-offers are less predictable, as the context turn is
less constraining (the two turns do not form an adjacency pair). Second, Pre-offers are more
predictive, “projecting” further talk in a new action sequence [36]; understanding a Pre-offer
involves knowing that a direct offer would follow if encouraged by the recipient. Pre-offers
may thus require additional processing based on the complete utterance because of one or both
of these characteristics (for a further discussion of the ERP effects, see below).
The prediction that no ERP effects would be observed at the utterance-final word (credit-
card) was confirmed for Declinations. As discussed in the introduction, the sequential context
is highly constraining in Declinations due to adjacency pair structure; given a proposal (I can
lend you money), there is a normative expectation for either an acceptance or a declination.
The first word of the response (I. . .) helps to narrow down the identity of the unfolding speech
act by eliminating obvious acceptances of the form Oh great, Phew! Thank you etc. The verb
(I have. . .) makes clear that a proto-typical acceptance is not underway, strengthening the like-
lihood that a declination is involved. By the time the final word is reached, the semantic pro-
cessing only adds to the propositional meaning, which is the same in all conditions, and hence
no ERP differences occur at the final word. We take this to show that in highly constraining
contexts—in the present study following the first turn in an adjacency pair—listeners can side-
step the full propositional content of utterances and recognize the speech act before hearing
the final word. On the assumption that the action categorization task captures the response de-
mands in everyday conversation, the present results support the early speech act
recognition account.
The ERP pattern for Declinations is consistent with the idea that the brain is proactive, con-
stantly generating expectations about upcoming input [50–53]. It has been argued that “we do
not interpret our world merely by analysing incoming information, but rather we try to under-
stand it using a proactive link of incoming features to existing, familiar information (e.g., ob-
jects, people, situations)” [50]. Past experience with speech act sequences during a lifetime of
conversation (stored as scripts in memory [54]), coupled with minimal information about the
utterance, may enable listeners to predict the action in advance of its completion. The
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implication of the present results is that prediction in language comprehension may not be
confined to the level of individual lexical items or their syntactic, semantic or conceptual fea-
tures [51,55–57], but takes place at the level of speech acts as well. Early action recognition
through such predictions could be the key to efficient turn-taking, allowing listeners to plan
their reply early and respond within the typical 200 ms window between turns in conversation.
Overall, the current findings on the time-course of speech act recognition contribute to a
growing body of ERP research (discussed in the introduction) showing that both early and late
processes are involved in pragmatic language comprehension. The early effects of action are in
line with the view that “different information types (lexical, syntactic, phonological, pragmatic)
are processed in parallel and influence the interpretation process incrementally, that is as soon
as the relevant pieces of information are available,” [58]. The results extend reports of early
pragmatic effects (from 150–200 ms after word onset in discourse studies) [22,23] to dialogue
contexts. Fast and incremental processing of speech acts challenges classic theories of pragmat-
ics [19,59] which assume that language understanding proceeds by first extracting the proposi-
tional or semantic content of the complete utterance and then comparing that to the context,
in order to generate additional pragmatic inferences. However, the results for the utterance-
final word—in particular, the late negativity in Pre-offers—highlights that pragmatic language
comprehension sometimes involves late inferential processes, as research on irony [24,25] has
also shown.
To summarize, we can draw two main conclusions regarding the time-course of speech act
recognition. First, even in utterances that are underspecified for the action, speech act recogni-
tion begins early in the turn—before the final, critical word has been heard. Second, the time-
course of speech act recognition is influenced by how the utterance connects to the larger
action sequence. In highly constraining contexts, when the sequence is coming to a close, addi-
tional processing at the utterance-final word is not required. This finding is in line with the
early speech act recognition account discussed in the introduction. However, in less constrain-
ing contexts, when a new sequence is initiated, recognition of the speech act involves analysis
of the complete utterance, as reflected by a late posterior negativity at the final word.
What do the ERP effects reflect?
There are several parallels between our ERP findings and prior research on speech acts and
pragmatic language comprehension more generally which we will briefly discuss. The earliest
effect of action was observed at frontal sites in the right hemisphere during the early utterance
time-window (e.g., I have. . .), from 200 ms after first word onset in Pre-offers and from 400
ms in Declinations. The timing and anterior scalp distribution of this early positivity differenti-
ates it from other positivities reported in the language domain [60–62]. However, the right
hemisphere preponderance of this early frontal positivity is consistent with several studies im-
plicating the right hemisphere in pragmatic language comprehension. A visual half-field lexi-
cal-decision study found that the right hemisphere plays a critical role in speech act processing
in isolated statements such as Don’t forget to go to the dentist [63]. Similarly, damage to the
right hemisphere causes difficulty with understanding indirect speech acts [64]. EEG and fMRI
studies in healthy participants have likewise highlighted the role of the right hemisphere in
pragmatic language comprehension [65] and discourse coherence [66]. The right hemisphere
advantage in pragmatics has been associated with factors such as coarse semantic coding [67],
processing of relatively unpredictable semantic relationships [68], or forming an integrated re-
presentation of ongoing discourse [66]. In the MEG study on speech act comprehension previ-
ously discussed [29], several activations were found in the right hemisphere. In particular, an
effect was observed between 200 and 300 ms in the right inferior frontal gyrus, suggesting that
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this area plays a role in “binding information about action and context” [29]. At face value, the
right hemisphere distribution of the frontal positivity observed in the present study supports
the idea that this early effect reflects linguistic and/or discourse-level processes in the right
hemisphere that are needed to understand the speech act of the utterance in the given context.
The frontal positivity in Declinations extended to the anterior medial and left hemisphere
sites during the early utterance time-window, from 500 to 600 ms after first word onset relative
to Answers. This effect is especially prominent at the midline and in the left hemisphere (see
waveforms in Fig. 3) and will therefore be referred to as frontal left/midline positivity. While
the frontal left/midline positivity in Declinations was not significant relative to Pre-offers (p =
.06), the waveforms in Fig. 3 suggest that it is absent in Pre-offers. This frontal effect bears
some resemblance to a frontal positivity reported in a visual ERP study on indirect requests,
which was interpreted as reflecting ease of processing in the indirect condition [30]. However,
that interpretation does not fit the present results, as it counter-intuitively implies that Declina-
tions are the easiest out of the three speech acts to process (whereas we expect Answers to be
so). What is it about Declinations that triggers this positivity? In contrast to Pre-offers, the con-
text turn in the Declination dialogues builds up strict expectations about the upcoming action
(an acceptance or declining of an offer). In contrast to Answers, the Declination target utter-
ances are relatively indirect (providing just a reason for not needing the offer) and therefore
more taxing. We propose that this combination of predictability and indirectness triggers the
frontal left/midline positivity: listeners quickly “tune in” to the early signals of the action (ex-
pecting either declination or acceptance) and yet have to engage in additional processing be-
cause of the indirect response. The nature of this additional processing is unclear. Frontal
positivities with a left hemisphere and midline distribution have been linked to discourse struc-
ture reanalysis [69,70] and update of working memory [71]. The similarity of these positivities
to the effect reported here is not obvious, as they are elicited in very different conditions (when
a single word is unexpected or pragmatically anomalous). However, an account in terms of dis-
course structure revision or working memory is compatible with the notion that the beginning
of the utterance in Declinations is demanding due to a combination of indirectness and
predictability. In particular, the non-canonical beginning of the Declinations (e.g., I have. . .)
could trigger revision of the incoming turn in order to make sense of the sentence as a
Declination.
An alternative account is that the frontal left/midline positivity reflects socio-emotional fac-
tors. As reported in the Introduction, fMRI and MEG studies on indirect speech act compre-
hension report activations in frontal regions involved in mentalizing, including the medial
frontal cortex [20,21,29]. Frontal slow waves similar to the frontal left/midline positivity in Dec-
linations have been reported in studies on theory of mind using narratives or story cartoons
[72,73]. Moreover, in supplementary analyses of the present data (presented in supporting in-
formation for reasons of space; see S2 File), a correlation was obtained between the frontal left/
midline positivity in Declinations and the Empathy Quotient [41], which measures both theory
of mind (cognitive empathy) and affective empathy. Although speculative, the frontal left/mid-
line positivity in Declinations may reflect theory of mind processing. Note that frontal theory of
mind regions are also activated when participants think about the future [50,74], suggesting a
link to prediction: these areas “may be concerned with anticipating what a person is going to
think and feel and thereby predict what they are going to do” [74]. The combination of predict-
ability and indirectness in Declinations could trigger theory of mind processing at the beginning
of the target utterance, resulting in the frontal left/midline positivity. However, further research
is clearly required to investigate the two possible accounts for this ERP effect discussed above.
In addition to the frontal left/midline and right hemisphere positivities observed in the early
utterance time-window, a late posterior negativity occurred at the final word (credit-card) in
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Pre-offers. This effect was present in Pre-offers from 600 to 1000 ms after final word onset rela-
tive to Declinations, and from 900 to 1000 ms relative to Answers. We interpret this ERP effect
as a negativity to Pre-offers rather than as a positivity (P600) associated with Answers and Dec-
linations, since it is not plausible that Answers, the control condition, should require more re-
analysis, revision, or pragmatic inferencing—processes traditionally associated with
late positivities.
One possibility is that the posterior negativity to the final word in Pre-offers reflects uncer-
tainty associated with the subsequent comprehension task, as the behavioural results indicated
that accuracy was descriptively lowest for Pre-offers. The difference in accuracy was due to
lower accuracy in stimulus Set 2. The target utterances in Set 1 all start with I have. . ., which is
a common way to begin an offer, as attested by studies of English and Finnish [75]. Set 2, on
the other hand, is more variable and includes formats such as I am going. . . orMy brother
is. . ., which may be less common in offering actions and therefore categorized less accurately.
If uncertainty in categorization drives the posterior negativity, then the effect should be more
pronounced in target sentences in Set 2, for which the task accuracy was lower. However, no
differences between Sets were observed in the ERPs, speaking against an uncertainty account
for the late ERP effect.
Sustained negativities to sentence-final words have been interpreted as reflecting difficulty
in semantic analysis at the message level [76], but this “semantic” sentence negativity peaks ear-
lier than in the present experiment (around 400 ms). Sentence-final negativities have also been
linked to working memory operations at clause boundaries (clause-ending negativity, see [77]),
in line with studies associating sustained negativities to various linguistic stimuli with increased
demands on working memory [78–81]. Negativities associated with working memory have a
frontal scalp distribution in most cases and therefore do not match the posterior distribution in
the present study (for an exception, see [70]). However, a working memory account for the late
negativity in Pre-offers is consistent with the notion that they are more complex than the other
two conditions in the study. The context turn in the Pre-offer dialogues is not constraining in
terms of what action can follow, and as a consequence the speech act is less predictable. Pro-
cessing at the final word may be more taxing on working memory in Pre-offers because it re-
quires post-hoc retrieval of the prior turn to figure out what the utterance could mean in that
particular context. On this account, a late negativity is not elicited to Declinations, because the
prior turn (an offer) has already built up a strong expectation for either an acceptance or a dec-
lination, and listeners do not need to compare the utterance to the prior turn in working mem-
ory. Whether this working memory account is correct is a topic for further investigation.
Remaining questions
Some questions relating to conceptual and methodological issues remain. The first concerns
the task demands. Overhearing a dialogue is different from taking an active part in a conversa-
tion, when participants can be held accountable for both the content and timing of their re-
sponse. Given that the crucial task in conversation involves recognizing the action in the
incoming turn and planning a relevant response, we used an action categorization task to en-
sure that participants paid as much attention to the actions as in natural dialogue. To some de-
gree this task mirrors the situation in everyday conversation, in which listeners have to make
an implicit categorization of each utterance in order to prepare a fitted response. However, par-
ticipants were given labels of the three speech acts in advance and may have used this top-
down information to predict the actions based on the contexts. This raises the question wheth-
er, and if so to what extent, task-related processes influenced the ERP effects reported in this
article. We are currently investigating this in an ERP study. In this follow-up experiment we
Conversation Electrified: ERP Correlates of Speech Act Recognition
PLOS ONE | DOI:10.1371/journal.pone.0120068 March 20, 2015 19 / 24
use a true-false comprehension task that probes understanding at the message-level without
providing information about the speech acts in advance. Important for the present purposes,
the main ERP effects reported in the current study are replicated under these different task cir-
cumstances. On the assumption that using a comprehension task of some kind better captures
the response demands in conversation, the generalization of the current results to a different
task environment supports the view that the ERP effects are not induced by the action categori-
zation but rather reflect a more natural aspect of speech act comprehension.
Another issue concerns the role of prosody in speech act comprehension. The target utter-
ances were recorded out of their dialogue contexts (from a list) and used in all three conditions
to prevent the prosody from biasing any of the three speech acts. One could argue that this neu-
tral prosody, which included falling intonation, may be better suited for some speech acts than
others. For instance, in a test recording during development of the materials, the native speak-
ers sometimes used a fall-rise contour [82] in the Pre-offers. It is therefore possible that a rising
intonation is more suitable for the Pre-offers. To what extent the comprehension of the speech
acts in the present study was influenced by prosody is not clear. Research on irony has not
found an effect of prosody, suggesting that prosody does not necessarily provide crucial cues
for utterance interpretation [24]. Whether this holds for speech act comprehension more gen-
erally is an empirical question.
Conclusions
Three main conclusions can be drawn from the present ERP results. First, the early frontal pos-
itivities to the target utterance onset show that—at least when participants are asked to catego-
rize the action—speech act recognition begins very early in the incoming turn, starting already
from 200 milliseconds after first word onset when the utterance has only been partially pro-
cessed. This is the case even though the utterance is relatively indirect and contains no mor-
phosyntactic speech act clues. Second, the ERP findings for the utterance-final word reveal that
the time-course of speech act recognition is influenced by how the utterance connects to the
larger action sequence. In highly constraining (adjacency pair) contexts, when the sequence is
coming to a close, no late ERP effect to the final word occurs. This suggests that listeners can
recognize the speech act before the final word through predictions at the speech act level. Early
speech act recognition may well be the key to efficient conversation, allowing listeners to plan
their reply early and respond within the 200 ms time frame characteristic for turn-taking. In
some cases, however, additional processing based on the complete utterance is required. This is
reflected by a posterior negativity at the utterance-final word when the speech act is in a less
constraining context and a new action sequence is initiated. Taken together, the findings show
that the time-course of speech act recognition is influenced by the type of action being per-
formed and the sequential context. The present data demonstrate that the speech act dimen-
sion is an important aspect of context that should be taken into account in future studies on
sentence comprehension in its natural habitat, conversation.
Supporting Information
S1 File. Model comparison for behavioural data analysis.
(DOCX)
S2 File. Empathy Quotient correlation analysis.
(DOCX)
S1 Table. Initial omnibus analyses for the early utterance time-window.
(DOCX)
Conversation Electrified: ERP Correlates of Speech Act Recognition
PLOS ONE | DOI:10.1371/journal.pone.0120068 March 20, 2015 20 / 24
S2 Table. Initial omnibus analyses for the late utterance time-window.
(DOCX)
Acknowledgments
We thank Dr. Mathieu Koppen at Donders Centre of Cognition, Radboud University for help-
ful assistance. We are also grateful for the comments of three anonymous reviewers, which im-
proved our manuscript.
Author Contributions
Conceived and designed the experiments: RSG DJC SCL. Performed the experiments: RSG.
Analyzed the data: RSG DJC. Contributed reagents/materials/analysis tools: RSG DJC. Wrote
the paper: RSG DJC SCL.
References
1. Wittgenstein L. Philosophical investigations. Oxford: Basil Blackwell; 1953.
2. Austin JL. How to do things with words. Oxford: Oxford University Press; 1976.
3. Levinson SC. Action formation and ascription. In: Stivers T, Sidnell J, editors. The handbook of conver-
sation analysis. Malden, MA: Wiley-Blackwell; 2013. pp. 103–130.
4. Searle JR. Speech acts: An essay in the philosophy of language. Cambridge: Cambridge University
Press; 1969.
5. Schegloff EA. Sequence organization in interaction: A primer in conversation analysis. Cambridge:
Cambridge University Press; 2007.
6. Sadock JM, Zwicky AM. Speech act distinctions in syntax. In: Shopen T, editor. Language typology and
syntactic description. Vol. 1. Cambridge: Cambridge University Press; 1985. pp. 155–196.
7. Heritage J. Epistemics in action: Action formation and territories of knowledge. Res Lang Soc Interact.
2012; 45: 1–29.
8. De Ruiter JP, Mitterer H, Enfield NJ. Projecting the end of a speaker’s turn: A cognitive cornerstone of
conversation. Language (Baltim). 2006; 82: 515–535.
9. Heldner M, Edlund J. Pauses, gaps and overlaps in conversations. J Phon. 2010; 38: 555–568.
10. Stivers T, Enfield NJ, Brown P, Englert C, Hayashi M, Heinemann T, et al. Universals and cultural varia-
tion in turn-taking in conversation. Proc Natl Acad Sci U S A. 2009; 106: 10587–10592. doi: 10.1073/
pnas.0903616106 PMID: 19553212
11. Indefrey P, Levelt WJ. The spatial and temporal signatures of word production components. Cognition.
2004; 92: 101–144. PMID: 15037128
12. Schnur TT, Costa A, Caramazza A. Planning at the phonological level during sentence production.
J Psycholinguist Res. 2006; 35: 189–213. PMID: 16502144
13. Schegloff EA, Sacks H. Opening up closings. Semiotica. 1973; 8: 289–327.
14. Hanna JE, Tanenhaus MK, Trueswell JC. The effects of common ground and perspective on domains
of referential interpretation. J Mem Lang. 2003; 49: 43–61.
15. Hanna JE, Tanenhaus MK. Pragmatic effects on reference resolution in a collaborative task: Evidence
from eye movements. Cogn Sci. 2004; 28: 105–115.
16. Heller D, Grodner D, TanenhausMK. The role of perspective in identifying domains of reference. Cogni-
tion. 2008; 108: 831–836. doi: 10.1016/j.cognition.2008.04.008 PMID: 18586232
17. Brown-Schmidt S, Gunlogson C, Tanenhaus MK. Addressees distinguish shared from private informa-
tion when interpreting questions during interactive conversation. Cognition. 2008; 107: 1122–1134.
doi: 10.1016/j.cognition.2007.11.005 PMID: 18164700
18. Nurmsoo E, Bloom P. Preschoolers’ perspective taking in word learning: Do they blindly follow eye
gaze? Psychol Sci. 2008; 19: 211–215. doi: 10.1111/j.1467-9280.2008.02069.x PMID: 18315790
19. Searle JR. Indirect speech acts. In: Cole P, Morgan J, editors. Syntax and semantics, 3: Speech acts.
New York: Academic Press; 1975. pp. 59–82.
20. Basnakova J, Weber K, Petersson KM, Van Berkum JJA, Hagoort P. Beyond the language given: The
neural correlates of inferring speaker meaning. Cereb Cortex. 2014; 24: 2572–2578. doi: 10.1093/
cercor/bht112 PMID: 23645715
Conversation Electrified: ERP Correlates of Speech Act Recognition
PLOS ONE | DOI:10.1371/journal.pone.0120068 March 20, 2015 21 / 24
21. Van Ackeren MJ, Casasanto D, Bekkering H, Hagoort P, Rüschemeyer SA. Pragmatics in action: Indi-
rect requests engage theory of mind areas and the cortical motor network. J Cogn Neurosci. 2012; 24:
2237–2247. PMID: 22849399
22. Van Berkum JJA, Zwitserlood P, Hagoort P, Brown CM. When and how do listeners relate a sentence
to the wider discourse? Evidence from the N400 effect. Brain Res Cogn Brain Res. 2003; 17: 701–718.
PMID: 14561457
23. Van Berkum JJA, Hagoort P, Brown CM. Semantic integration in sentences and discourse: Evidence
from the N400. J Cogn Neurosci. 1999; 11: 657–671. PMID: 10601747
24. Regel S, Gunter TC, Friederici AD. Isn’t it ironic? An electrophysiological exploration of figurative lan-
guage processing. J Cogn Neurosci. 2011; 23: 277–293. doi: 10.1162/jocn.2010.21411 PMID:
20044894
25. Spotorno N, Cheylus A, Van Der Henst J-B, Noveck IA. What’s behind a P600? Integration operations
during irony processing. PLoS One. 2013; 8: e66839. doi: 10.1371/journal.pone.0066839 PMID:
23826155
26. Nieuwland MS, Ditman T, Kuperberg GR. On the incrementality of pragmatic processing: An ERP in-
vestigation of informativeness and pragmatic abilities. J Mem Lang. 2010; 63: 324–346. PMID:
20936088
27. Noveck IA, Posada A. Characterizing the time course of an implicature: An evoked potentials study.
Brain Lang. 2003; 85: 203–210. PMID: 12735938
28. Egorova N, Shtyrov Y, Pulvermüller F. Early and parallel processing of pragmatic and semantic infor-
mation in speech acts: Neurophysiological evidence. Front Hum Neurosci. 2013; 7: 1–13. doi: 10.
3389/fnhum.2013.00001 PMID: 23355817
29. Egorova N, Pulvermüller F, Shtyrov Y. Neural dynamics of speech act comprehension: An MEG study
of naming and requesting. Brain Topogr. 2013; 27: 375–392. doi: 10.1007/s10548-013-0329-3 PMID:
24253730
30. Coulson S, Lovett C. Comprehension of nonconventional indirect requests: An event-related brain po-
tential study. Riv Linguist. 2010; 22: 107–124.
31. Dimitrova DV, Stowe LA, Redeker G, Hoeks JC. Less is not more: Neural responses to missing and su-
perfluous accents in context. J Cogn Neurosci. 2012; 24: 2400–2418. doi: 10.1162/jocn_a_00302
PMID: 23016764
32. Magne C, Astésano C, Lacheret-Dujour A, Morel M, Alter K, Besson M. On-line processing of “pop-out”
words in spoken French dialogues. J Cogn Neurosci. 2005; 17: 740–756. PMID: 15904541
33. Wang L, Bastiaansen M, Yang Y, Hagoort P. The influence of information structure on the depth of se-
mantic processing: How focus and pitch accent determine the size of the N400 effect. Neuropsycholo-
gia. 2011; 49: 813–820. doi: 10.1016/j.neuropsychologia.2010.12.035 PMID: 21195102
34. Schober MF, Clark HH. Understanding by addressees and overhearers. Cogn Psychol. 1989; 21:
211–232.
35. Gisladottir RS, Chwilla DJ, Schriefers H, Levinson SC. Speech act recognition in conversation: Experi-
mental evidence. In: Miyake N, Cooper RP, editors. Proceedings of the 34th annual meeting of the Cog-
nitive Science Society. Austin, Texas: Cognitive Science Society; 2012. pp. 1596–1601.
36. Schegloff EA. Presequences and indirection: Applying speech act theory to ordinary conversation.
J Pragmat. 1988; 12: 55–62.
37. Magliano JP, Baggett WB, Johnson BK, Graesser AC. The time course of generating causal anteced-
ent and causal consequence inferences. Discourse Process. 1993; 16: 35–53.
38. Kutas M. In the company of other words: Electrophysiological evidence for single word and sentence
context effects. Lang Cogn Process. 1993; 8: 533–572.
39. Blakemore D. Understanding utterances: An introduction to pragmatics. Oxford: Blackwell; 1992.
40. Ten Bosch L, Oostdijk N, Boves L. On temporal aspects of turn taking in conversational dialogues.
Speech Commun. 2005; 47: 80–86.
41. Baron-Cohen S, Wheelwright S. The empathy quotient: An investigation of adults with Asperger syn-
drome or high functioning autism, and normal sex differences. J Autism Dev Disord. 2004; 34:
163–175. PMID: 15162935
42. Bates D, Maechler M, Bolker B. lme4: Linear mixed-effects models using S4 classes. 2014 July 19. In:
The comprehensive R archive network internet. Available: http://www.cran.r-project.org/web/
packages/lme4/index.html.
43. R Core Team. R: A language and environment for statistical computing. 2013. R Foundation for Statisti-
cal Computing, Vienna, Austria. Available: http://www.R-project.org/.
Conversation Electrified: ERP Correlates of Speech Act Recognition
PLOS ONE | DOI:10.1371/journal.pone.0120068 March 20, 2015 22 / 24
44. Jaeger TF. Categorical data analysis: Away from ANOVAs (transformation or not) and towards logit
mixed models. J Mem Lang. 2008; 59: 434–446. PMID: 19884961
45. Barr DJ, Levy R, Scheepers C, Tily HJ. Random effects structure for confirmatory hypothesis testing:
Keep it maximal. J Mem Lang. 2013; 68: 255–278.
46. Brown CM, Hagoort P. On the electrophysiology of language comprehension: Implications for the
human language system. In: Crocker MW, Pickering M, Clifton C, editors. Architectures and mecha-
nisms for language processing. Cambridge: Cambridge University Press; 2000. pp. 213–237.
47. Coulson S. Electrophysiology and pragmatic language comprehension. In: Noveck IA, Sperber D, edi-
tors. Experimental pragmatics. Basingstoke, Hampshire: Palgrave Macmillan; 2004. pp. 187–206.
48. Grainger J, Lopez D, Eddy M, Dufau S, Holcomb PJ. How word frequency modulates masked repetition
priming: An ERP investigation. Psychophysiology. 2012; 49: 604–616. doi: 10.1111/j.1469-8986.2011.
01337.x PMID: 22221077
49. Kwon N, Kluender R, Kutas M, Polinsky M. Subject/object processing asymmetries in Korean relative
clauses: Evidence from ERP data. Language (Baltim). 2013; 89: 537–585. PMID: 25400303
50. Bar M. The proactive brain: memory for predictions. Philos Trans R Soc Lond B Biol Sci. 2009; 364:
1235–1243. doi: 10.1098/rstb.2008.0310 PMID: 19528004
51. Kutas M, DeLong KA, Smith NJ. A look around at what lies ahead: Prediction and predictability in lan-
guage processing. In: Bar M, editor. Predictions in the brain: Using our past to generate a future. Ox-
ford: Oxford University Press; 2011. pp. 190–207.
52. Schacter DL, Addis DR, Buckner RL. Remembering the past to imagine the future: The prospective
brain. Nat Rev Neurosci. 2007; 8: 657–661. PMID: 17700624
53. Pickering MJ, Garrod S. An integrated theory of language production and comprehension. Behav Brain
Sci. 2013; 36: 329–347. doi: 10.1017/S0140525X12001495 PMID: 23789620
54. Schank R, Abelson R. Scripts, plans, goals, and understanding: An inquiry into human knowledge
structures. Oxford, England: Lawrence Erlbaum; 1977.
55. Altmann G, Kamide Y. Incremental interpretation at verbs: Restricting the domain of subsequent refer-
ence. Cognition. 1999; 73: 247–264. PMID: 10585516
56. Federmeier KD. Thinking ahead: The role and roots of prediction in language comprehension. Psycho-
physiology. 2007; 44: 491–505. PMID: 17521377
57. Thornhill DE, Van Petten C. Lexical versus conceptual anticipation during sentence processing: Frontal
positivity and N400 ERP components. Int J Psychophysiol. 2012; 83: 382–392. doi: 10.1016/j.ijpsycho.
2011.12.007 PMID: 22226800
58. Hagoort P. The fractionation of spoken language understanding by measuring electrical and magnetic
brain signals. Philos Trans R Soc Lond B Biol Sci. 2008; 363: 1055–1069. PMID: 17890190
59. Grice HP. Logic and conversation. In: Cole P, Morgan J, editors. Syntax and semantics, 3: Speech
Acts. New York: Academic Press; 1975. pp. 41–58.
60. Hagoort P, Brown CM, Osterhout L. The neurocognition of syntactic processing. In: Hagoort P, Brown
CM, editors. The neurocognition of language. Oxford: Oxford University Press; 1999. pp. 273–316.
61. Kolk H, Chwilla D. Late positivities in unusual situations. Brain Lang. 2007; 100: 257–261. PMID:
16919324
62. Van Petten C, Luka BJ. Prediction during language comprehension: Benefits, costs, and ERP compo-
nents. Int J Psychophysiol, 2012; 83: 176–190. doi: 10.1016/j.ijpsycho.2011.09.015 PMID: 22019481
63. Holtgraves T. The role of the right hemisphere in speech act comprehension. Brain Lang. 2012; 121:
58–64. doi: 10.1016/j.bandl.2012.01.003 PMID: 22330796
64. Foldi NS. Appreciation of pragmatic interpretations of indirect commands: Comparison of right and left
hemisphere brain-damaged patients. Brain Lang. 1987; 31: 88–108. PMID: 2437997
65. Coulson S, Wu YC. Right hemisphere activation of joke-related information: An event-related brain po-
tential study. J Cogn Neurosci. 2005; 17: 494–506. PMID: 15814008
66. Menenti L, Petersson KM, Scheeringa R, Hagoort P. When elephants fly: Differential sensitivity of right
and left inferior frontal gyri to discourse and world knowledge. J Cogn Neurosci. 2009; 21: 2358–2368.
doi: 10.1162/jocn.2008.21163 PMID: 19016600
67. BeemanMJ, Bowden EM, Gernsbacher MA. Right and left hemisphere cooperation for drawing predic-
tive and coherence inferences during normal story comprehension. Brain Lang. 2000; 71: 310–336.
PMID: 10716864
68. Federmeier KD, Wlotko EW, Meyer AM. What’s “right” in language comprehension: Event-related po-
tentials reveal right hemisphere language capabilities. Lang Linguist Compass. 2008; 2: 1–17. PMID:
19777128
Conversation Electrified: ERP Correlates of Speech Act Recognition
PLOS ONE | DOI:10.1371/journal.pone.0120068 March 20, 2015 23 / 24
69. Dwivedi VD, Drury JE, Molnar M, Phillips NA, Baum S, Steinhauer K. ERPs reveal sensitivity to hypo-
thetical contexts in spoken discourse. Neuroreport. 2010; 21: 791–795. doi: 10.1097/WNR.
0b013e32833cae0d PMID: 20574414
70. Dwivedi VD, Phillips NA, Laguë-Beauvais M, Baum SR. An electrophysiological study of mood, modal
context, and anaphora. Brain Res. 2006; 1117: 135–153. PMID: 16997288
71. MacGregor LJ, Corley M, Donaldson DI. Listening to the sound of silence: Disfluent silent pauses in
speech have consequences for listeners. Neuropsychologia. 2010; 48: 3982–3992. doi: 10.1016/j.
neuropsychologia.2010.09.024 PMID: 20950633
72. Meinhardt J, Kühn-Popp N, Sommer M, Sodian B. Distinct neural correlates underlying pretense and
false belief reasoning: Evidence from ERPs. Neuroimage. 2012; 63: 623–631. doi: 10.1016/j.
neuroimage.2012.07.019 PMID: 22813953
73. Sabbagh MA, Taylor M. Neural correlates of theory-of-mind reasoning: An event-related potential
study. Psychol Sci. 2000; 11: 46–50. PMID: 11228842
74. Frith CD, Frith U. The neural basis of mentalizing. Neuron. 2006; 50: 531–534. PMID: 16701204
75. Kärkkäinen E, Keisanen T. Linguistic and embodied formats for making (concrete) offers. Discourse
Stud. 2012; 14: 587–611.
76. Osterhout L, Holcomb PJ. Event-related brain potentials elicited by syntactic anomaly. J Mem Lang.
1992; 31: 785–806.
77. Kutas M. Views on how the electrical activity that the brain generates reflects the functions of different
language structures. Psychophysiology. 1997; 34: 383–398. PMID: 9260491
78. King J, Kutas M. Who did what and when? Using word-and clause-level ERPs to monitor working mem-
ory usage in reading. J Cogn Neurosci. 1995; 7: 376–395. doi: 10.1162/jocn.1995.7.3.376 PMID:
23961867
79. Münte TF, Schiltz K, Kutas M. When temporal terms belie conceptual order. Nature. 1998; 395: 71–73.
PMID: 9738499
80. Kluender R, Kutas M. Bridging the gap: Evidence from ERPs on the processing of unbounded depen-
dencies. J Cogn Neurosci. 1993; 5: 196–214. doi: 10.1162/jocn.1993.5.2.196 PMID: 23972154
81. Van Berkum JJA, Brown CM, Hagoort P, Zwitserlood P. Event-related brain potentials reflect dis-
course-referential ambiguity in spoken language comprehension. Psychophysiology. 2003; 40:
235–248. PMID: 12820864
82. Ward G, Hirschberg J. Implicating uncertainty: The pragmatics of fall-rise intonation. Language (Bal-
tim). 1985; 61: 747–776.
Conversation Electrified: ERP Correlates of Speech Act Recognition
PLOS ONE | DOI:10.1371/journal.pone.0120068 March 20, 2015 24 / 24
